Extracts of Saccharomyces cerevisiae (Sc) yeast were generated using a biotechnological solid-state fermentation method. The organic material used for fermentation consisted of a variety of fibrous substrates of agricultural origin, and their effect on the chemical composition and productivity of cellular biomass generated was evaluated. The substrates studied included the following: wheat straw, WS; barley straw, BS; chili stubble, CS; oat hull, OH and starch powder, SP (control). For incubation with Sc, 2 g of (dry) vegetable substrate were added to 12 mL of cultivation medium. The fermentation time was seven days under aerobic conditions (pH 5, 26ºC). After extraction of the yeast biomass, its chemical composition and productivity were analyzed. The results showed an effect (P≤0.01) of the type of vegetable substrate fermented on the crude protein (CP) and true protein (TP) contents of the yeast biomass. The highest concentration of CP was obtained by fermentation of the control TSP (treatment with the starch powder substrate ) (506.3 g kg -1 DM), followed by the treatment TOH (474.5 g kg -1 DM). The productivity of the yeast biomass was affected by the type of substrate fermented (P≤0.001). The highest value was obtained with TSP (327.10 mg g -1 ), followed by TOH (treatment with the oat hull substrate) (207.08 mg g -1 ). The lowest efficiency was measured in TCS (156.30 mg g -1 ). On the basis of these results, it may be inferred that an extract of high CP can be obtained from yeast (Sc) by the fermentation of fibrous substrates.
Introduction
Protein concentrates of yeast origin constitute an innovative alternative for providing amino acids to animals, preferably non-ruminants (Robinson and Nigam, 2003; Ghaly et al., 2005) . The production of yeast protein through the fermentation of fibrous vegetable substrates in bioreactors is a viable biotechnological option for generating protein concentrates of high nutritional value (Rostami et al., 2009) . Yeast normally present a varied and potent pool of hydrolytic enzymes, enabling them to depolymerize the structural research paper
Effect of the type of substrate on the chemical composition and productivity of a protein concentrate of yeast origin Alejandro Velásquez 1,2 , Rodrigo Arias 1,2 , and Marcelo Toneatti constituents of the cell walls of plants (cellulose, lignin, hemicellulose and pectin) and, thus, to proceed with enzymatic digestion inside the cells. However, the fibrolytic potential of Saccharomyces cerevisiae (Sc) is unknown, and it has been assumed to be unable to exploit the cell walls of the substrates to be fermented. Various species of fungi have been used to generate protein, particularly those belonging to the genera Saccharomyces, Trichoderma and Aspergillus (Domsch et al., 1980; Antier et al., 1993; VillasBôas, 2002; Kacmar et al., 2004; Pereira et al., 2010) . Saccharomyces cerevisiae (Sc) is the most representative species of the Saccharomyces genus and is one of the microorganisms most frequently used for generating additives for farm animal feed (prebiotic and probiotic). One of its principal advantages is that it does not generate mycotoxins; it is therefore considered to be one of the most innocuous for human consumption and for feeding to farm animals (Lehloenya et al., 2008; Bruno et al., 2009) . It is also used as a feed supplement due to its high contribution of crude proteins (CP) (close to 50%) and B-complex vitamins, such as niacin, folic acid, riboflavin and biotin (Nielsen and Jewett, 2008; Jung et al., 2010) . This fungus has a complete enzyme pool that functions to degrade organic matter and is generally used to produce protein concentrates under in vitro conditions and on an industrial scale (Brock, 1998; Pakula et al., 2005) . These enzymatic properties raise great hopes for the use of yeast in animal nutrition given their high biological potential to ferment organic matter of diverse origins (El-Nawwi and El-Kader, 1996; Rollini and Manzoni, 2006; Bai et al., 2008) . One example is the work of Kamel (1979) , who studied strains of Sc in order to produce protein, using date juice as the substrate. The cell mass generated after a 12-h fermentation was 4.86 g L -1 of incubation medium, resulting in a productivity of approximately 2.6 g CP L -1 . Using this same yeast but under a continuous cultivation system based on glucosamine as the fermentation substrate, Ferrer et al. (1996) achieved production of 0.447 kg cells DM kg . In another study, the authors Nwabueze and Oguntimein (1987) evaluated this yeast as a protein producer using waste from the industrial processing of sweet oranges (Citrus sinensis) as the fermentation substrate. After a 12-h incubation (pH 5.5, 36 °C), cellular biomass was produced in a proportion of 4% (w/w) of the citrus sp. waste containing 57% CP. Silva et al. (2011) evaluated the cellular biomass productivity of the yeast Sc in fermenting vinasse (residue of cachaça and bio-ethanol production). The microorganism was inoculated into a culture medium containing the following: yeast extract (3%), vinasse (10% v/v), glucose (2%), peptone (3%) and potassium phosphate (0.2%). Incubation was carried out at 28 ºC and pH 3 for 192 h. The production of cellular biomass was 8.7 g L -1 of incubation medium with a content of 9.8% (DM) nitrogen.
With regard to the fermentation substrates, in principle any organic matter of vegetable or animal origin can serve this purpose. The biological, chemical and physical interactions between the yeast and fermented substrate will determine the levels and efficiency of the production of biomass and cellular proteins. It is therefore of great interest to understand the effect of different fermented fibrous substrates on the nutritional quality and productivity of the cellular biomass from Sc. To this end it will also be very valuable to learn about new vegetable substrates, especially those which present low nutritional quality, low cost and high availability (Anupama and Ravindra, 2000) . In the scientific literature, substrates of various origins are reported for these purposes, in particular vegetable matter with a high content of lignin and cellulose (cereal straw), agro-industrial waste (fruits, vegetables and molasses), waste paper, or by-products of the dairy industry, e.g., whey from cheese factories (Kamel, 1979; Nwabueze and Oguntimein, 1987; Ghaly et al., 2005) . It has been suggested that this organic matter would provide energy, carbonate skeletons, and some nitrogenous fractions to microorganisms to enable them to synthesize their proteins (Zheng et al., 2005; Najafpour, 2007; Golfinopoulos et al., 2011) .
In Chile, the behavior of Sc in protein production using certain types of fibrous vegetable matter as fermentable substrates (waste from crops and local agro-industry) is unknown. These are normally burnt, remain as stubble to be ploughed into the soil, left as fallow or used for direct animal consumption. In this context, and in order to make use of these potential vegetable substrates, the choice of the substrates studied in this work was based on the following criteria: 1) Fiber content-substrates with a high cell wall (NDF: neutral detergent fiber) and lignocelluloses (ADF: acid detergent fiber) content were evaluated and compared with other substrates that present a low fiber content, greater calorie density and higher content of fast-fermenting carbohydrates. 2) Availability and low cost-large quantities of wheat and barley straw and chili stubble (Merkén) are generated in the Araucanía Region due to the widespread cultivation of these crops. Large quantities of oat hull are also produced in the Region as a waste product from industrial oats processing.
Consequently, the object of this research was to evaluate the effect of fermentation of different vegetable substrates on the chemical composition and productivity of the protein concentrate generated by Sc.
Materials and methods
The yeast protein was produced using the solid-state fermentation biotechnological method (Jay, 2000; Ghaly et al., 2005) . This technique involved the aerobic fermentation of yeast inocula on selected vegetable substrates in bioreactors. The effect of the type of fermented vegetable substrate on the chemical composition (nutritional quality) and productivity of the yeast biomass were evaluated in a single experiment.
Effect of the type of substrate fermented on the chemical composition and productivity of the yeast protein concentrate
The Sc strains (ATCC-13507) were provided by the microbiology laboratory of the School of Veterinary Medicine of Universidad Católica de Temuco. The inocula were cultivated in Petri dishes using potato dextrose agar (PDA) as the propagation substrate. The cultures were incubated at 28 °C for 4 days. After propagation, spores were collected from the surface of the dishes and deposited in 10 mL of distilled water. The doses were then prepared for incubation in the vegetable substrates. To do this, the number of spores mL -1 was determined using a haemocytometer (Neubauer). A solution was then prepared in distilled water at 25 ºC, establishing a final concentration of 6.7×10 6 spores mL
The following substrates were evaluated: 1) wheat straw: WS (Triticum aestivum) 2) barley straw: BS (Hordeum vulgare) 3) chili stubble: CS (Capsicum annuum) 4) oat hull: OH (Avena sativa) and 5) starch powder: SP (Riedel-deHaën 33615-7111A). The latter substrate was the control for the experiment. Each treatment was corrected with the respective blanks, consisting of incubations of the substrates with no inoculum. Additionally, the basal input of inoculum by incubation of yeast (Sc spores) in the culture medium was corrected with an inert material without organic substrate. Samples of each substrate were formed by five sub-samples (0.5 kg), which were mixed for evaluation. The WS, BS and CS substrates were obtained from stubble of crops grown in the Araucanía Region. OH is the by-product of the industrial processing of oats for human and animal consumption and is also from the Araucanía Region. During the collection of the substrates in the field (WS, BS and CS), vegetable material free of visible structural damage and with the least impurity contamination was selected. Care was also taken to ensure the absence of possible phytopathogenic agents (visual inspection), and the lack of these agents was checked again under a microscope in the laboratory. The samples were then washed with distilled water for 15 min, autoclaved at 121 ºC for 20 min, and finally dried in a stove at 60 ºC for 48 h. They were chopped to a size range of 0.1-0.3 cm. For incubation (bioreactor), 250 mL Erlenmeyer flasks were used, fitted with a glass and rubber device to ensure aerobic conditions and avoid microbiological contamination. The flasks were sterilized with alcohol (98%) and UV radiation (Laminar Flow Cabinet: STREAMLINE SHC-4A1) for 30 min. Then, 2 g of vegetable substrate (dry) was added in 12 mL of culture medium, which was composed of 8 mL of buffer Tris 50 Mm (pH 5), 2 mL of antibiotic streptomycin (0.5 g 500 mL -1 distilled water) to prevent bacterial contamination, 1 mL of a solution of urea at 5% (w/v) and 1 mL peptone at 2% (Sathesh-Prabu and Murugesan, 2011; Ruiz et al., 2012) . The inoculation dose was 2 mL flask -1 of a solution consisting of 6.7×10 6 spores mL -1
. The incubation time was 7 d at a constant temperature of 26 ºC.
Extraction of yeast biomass
On completion of the incubation period, 150 mL of distilled water (2 ºC) was added to each Erlenmeyer flask to stop microbial growth and facilitate the separation of the yeast biomass from the vegetable matter. Next, the total contents of the flask were homogenized using a blender (Waring 8010BU-CAC33) for 3 min, and then filtered, first through cheesecloth and then through a steel mesh with pore size 100 μm. The filtrate was centrifuged at 6,500 x g for 10 min at 4 ºC. The pellet obtained corresponded to the yeast biomass. It was frozen at -32 ºC until the bromatological analysis and the measurement of the mass produced were carried out.
Determination of the chemical composition of vegetable substrates and yeast biomass
The vegetable substrates (WS, BS, CS, OH and SP) and the yeast biomass pellets (TWS: treatment with the wheat straw substrate, TBS: treatment with the barley straw substrate, TCS: treatment with the chili stubble substrate, TOH: treatment with the oat hull substrate and TSP: treatment with the starch powder substrate) were subjected to chemical analysis (Table 1 ). The N (official method, 984.13), DM (official method, 934.01) and ash (official method, 942.05) contents were determined by the method developed by AOAC (1990) . True protein (TP) was determined from the insoluble N plus the fraction of soluble N in the buffer, which is insoluble in TCA (Pichard and Van Soest, 1977) . Plant cell wall (NDF) and lignocelluloses (ADF) were measured using the methods described by Van Soest et al. (1991) . The latter was determined without the use of sodium sulfite and alpha amylase and expressed exclusive of residual ash. To determine the NDIN (insoluble N in neutral detergent fiber) and ADIN (insoluble N 
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An effect (P≤0.01) of the type of vegetable substrate fermented on the CP and TP content in the yeast protein concentrate was observed ( Table 2 ). The highest concentration of CP was obtained by fermentation 
Discussion
The effect of the type of substrate fermented by Sc on the nitrogen content fraction (CP, TP and SN) in the yeast biomass generated can be explained by the magnitude and variation in the availability of energy and carbonate skeletons offered by the various substrates fermented together with the probable variation in the N-fixing efficiency of Sc for protein synthesis. The higher proportion of CP and TP shown by the control (TSP) indicates that the cell growth level of Sc is favored by a rapid fermentation substrate, such as starch. During slow fermentation, Sc yeast mainly use the energy for maintenance, and in fast fermentation, excess energy is used for growth and reproduction. This implies the synthesis of protein (enzymes) with a consequential increase in CP. The information above suggests that the limiting factor for microbial protein content is energy availability rather than the availability of nitrogen sources. This is based on the fact that all the substrates evaluated had some content of CP in their chemical composition (Table 3) , unlike SP for which the content is zero, and further by the addition of urea and peptone to the incubation medium. Thus the additional availability of these nitrogenous fractions in the incubation media would not imply a higher content of either CP or TP in the yeast biomass produced. It would seem that the addition of urea (1 mL at 5% w/v) and peptone (1 mL at 2%) to the cultivation medium was sufficient to satisfy the N requirements for protein synthesis and also for nitrogenous metabolism of Sc.
In regards to the TOH, one possible explanation for the higher CP content found compared to the other fibrous substrates fermented is that it may be due to the lower contents of FDN, FDA, NDIN and ADIN presented by this substrate (Table 1) . The lower lignocellulose content would have favored the growth of cellular biomass in Sc when OH is fermented, most likely because the energy and carbonate sources become available more rapidly, resulting in the increased synthesis of microbial proteins and cellular growth. Nevertheless, the SN when OH was fermented was no different from that shown by the other vegetable substrates.
Nor was there any difference in the TP content compared to TWS and TBS; however, there was a difference when compared to incubation with CS (TCS). It should be noted that the FDN and FDA contents of this latter substrate were the highest of all the substrates studied, which would most likely explain the lower rate of cellular protein synthesis during fermentation with Sc.
On the other hand, the NDF, ADF, NDIN and ADIN contents of the yeast biomass were not affected by the type of substrate fermented. Sufficient information is not available to explain this phenomenon; however, we suggest that the chemical composition and content of the yeast cell wall tends to vary little and would be, to some degree, independent of the magnitude of the population growth and/or the growth in cellular biomass productivity. Although the degree of dimorphism during the growth phases of Sc was not studied in this research, these observations suggest that this possible dimorphic change, which is a property of yeasts such as Sc (Casalone et al., 2005) , presented no incidental variability in the contents of the fibrous fractions of the fungal biomass produced.
The CP content reached by Sc when the substrate OH was fermented (474.5 g kg -1 DM), the highest of the fibrous substrates evaluated, is comparable to the 469 g kg -1 DM of CP for the yeast Sc reported by NRC (2001) . This content compares positively with the 410 g kg -1 DM of CP for an extract of Sc yeast reported by Winkler et al. (2011) .
Although in this study the highest CP content was obtained with the control (506.3 g kg -1 DM), in general the results observed are promising because we were able to generate a protein concentrate with CP content close to 47.5% by fermenting a fibrous substrate.
With respect to the maximum YMPC/MSF, MCP/ MSF and MTP/MSF productivity shown by Sc when the substrate SP was fermented, it can be argued that the lower nutritional stress, which most likely occurred in the fermentation of starch, led to a greater availability of energy and carbonate skeletons for Sc metabolism, which translated into greater cell and population growth and thus resulted in the maximum biomass levels produced. Following the same assumptions might explain the greater productivity of Sc when OH was fermented than with the other fibrous substrates evaluated, due to the lower content of fibrous fractions present in OH. In support of the statement above, from an ecological perspective, it has been suggested that nutrient availability would be one of the basic factors for determining the life cycle behavior of Sc. The induction of sporulation by fermentative stress (under slow-fermenting fibrous structures) might explain the lower cellular biomass productivity in the substrates with higher contents of lignocellulose fractions (Piccirillo and Honigberg, 2010 , respectively) are auspicious because, if a protein concentrate of yeast origin could be generated with an efficiency close to 20%, it would be of interest given the volumes of these fibrous substrates, which are generated and discarded as waste in our region.
The results found in this investigation may suggest the use of lignocellulosic biomass (substrate) pretreatment over yeast fermentation, such as hydrothermal processing or fibrolytic enzymes treatments, to increase the production efficiency of Sc to ferment fibrous substrates (Peng and Chen, 2011; Ruiz et al., 2012) .
In brief, a protein concentrate with a satisfactory CP and TP content can be obtained from the yeast Saccharomyces cerevisiae using fibrous substrates of agricultural origin by fermenting them in bioreactors. Another attribute observed for this cellular biomass was a low content of fibrous fractions (NDF and ADF). All of these findings suggest that this protein concentrate of yeast origin could be used for feeding non-ruminant animals. The productivity observed indicates the viability of this biotechnological alternative for the production of a low cost protein feed.
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A. Velásquez, R. Arias y M. Toneatti. 2012. Efecto del tipo de sustrato sobre la composición química y la productividad de un concentrado proteico originado por levadura. Cien. Inv. Agr. 39(3): 425-434. Se generaron extractos de la levadura Saccharomyces cerevisiae (Sc) utilizando el método biotecnológico fermentación en estado sólido. El material orgánico usado para la fermentación consistió en una variedad de sustratos fibrosos de origen agrícola. Se evaluó el efecto de estos sustratos sobre la composición química y productividad de la biomasa celular. Los sustratos estudiados fueron: paja de trigo, WS; paja de cebada, BS; rastrojo de ají, CS; cáscara de avena, OH y almidón en polvo, SP (control). Para la incubación con Sc se agregaron 2 g de sustrato vegetal (seco) a 12 mL de medio de cultivo. El tiempo de fermentación fue de 7 días, bajo condiciones aeróbicas (pH 5, a 26 ºC). Luego de la extracción de la biomasa celular se procedió a determinar su composición química y la productividad. Los resultados permitieron observar un efecto (P≤0,01) del tipo de sustrato vegetal fermentado sobre el contenido de proteína cruda (CP) y proteína verdadera (TP) en la biomasa de levadura. La mayor concentración de CP fue obtenido a través de la fermentación del control TSP (506,3 g kg -1 DM), seguido por el tratamiento TOH (474,5 g kg -1 DM). La productividad de biomasa de Sc fue afectada por el tipo de sustrato fermentado (P≤0,001). El valor más alto fue obtenido con TSP (327,10 mg g -1 ), seguido por TOH (207,08 mg g -1 ). La menor eficiencia fue medida con TCS (156,30 mg g -1 ). Sobre la base de estos resultados se puede inferir que es posible obtener un extracto de levadura de Sc con un alto contenido de CP a través de la fermentación de sustratos fibrosos.
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